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BASIC REQUIREMENTS FOR MANUSCRIPTS 


This Journal represents an effort by the Society to deliver information to the 
reader with the greatest possible speed. To this end the material herein has 
none of the usual editing required in more formal publications. 


Original papers and discussions of current papers should be submitted to the 
Manager of Technical Publications, ASCE. The final date on which a discussion 
should reach the Society is given as a footnote with each paper. Those who are 
planning to submit material will expedite the review and publication procedures 
by complying with the following basic requirements: 


1. Titles should have a length not exceeding 50 characters and spaces. 
2. A 50-word summary should accompany the paper. 


3. The manuscript (a ribbon copy and two copies) should be double-spaced 
on one side of 814-in. by 11-in. paper. Papers that were originally prepared for 
oral presentation must be rewritten into the third person before being submitted. 


4. The author's full name, Society membership grade, and footnote reference 
stating present employment should appear on the first page of the paper. 


5. Mathematics are reproduced directly from the copy that is submitted. 
Because of this, it is necessary that capital letters be drawn, in black ink, 3/16-in. 
high (with all other symbols and characters in the proportions dictated by 
standard drafting practice) and that no line of mathematics be longer than 614-in. 
Ribbon copies of typed equations may be used but they will be proportionately 
smaller in the printed version. 


6. Tables should be typed (ribbon copies) on one side of 8%-in. by 11-in. 
paper within a 614-in. by 104-in. invisible frame. Small tables should be grouped 
within this frame. Specific reference and explanation should be made in the text 
for each table. 


7. Illustrations should be drawn in black ink on one side of 814-in. by 11-in. 
paper within an invisible frame that measures 644-in. by 1014-in.; the caption 
should also be included within the frame. Because illustrations will be reduced 
to 69% of the original size, the capital letters should be 3/16-in. high. Photographs 
should be submitted as glossy prints in a size that is less than 6\4-in. by 1014-in. 
Explanations and descriptions should be made within the text for each illustration. 


8. Papers should average about 12,000 words in length and should be no 
longer than 18,000 words. As an approximation, each full page of typed text, 
table, or illustration is the equivalent of 300 words. 


Further information concerning the preparation of technical papers is con- 
tained in “Publication Procedure for Technical Papers” (Proc. Paper 290) which 
can be obtained from the Society. 


Reprints from this Journal may be made on condition that the full title of 
the paper, name of author, page reference (or paper number), and date of 
publication by the Society are given. The Society is not responsible for any 
statement made or opinion expressed in its publications. 


This Journal is published by the American Society of Civil Engineers. 
Publication office is at 2500 South State Street, Ann Arbor, Michigan. Editorial 
and General Offices are at 33 West 39 Street, New York 18, New York. $4.00 of 
a member's dues are applied as a subscription to this Journal. 
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MODERNIZING A TEXAS HIGHWAY WITH CONCRETE® 


Allan L. Chollar,! M, A.S.C.E. 
(Proc. Paper 1074) 


ABSTRACT 


This paper outlines the design and construction procedures involved in 
planning and constructing concrete resurfacing over a 16 foot concrete pave- 
ment 34 years old. The new 24 foot pavement is part of the 4-lane divided 
modernization of this highway. Construction details of longitudinal and 
transverse jointing procedures are described. 


Highway Engineers everywhere are racking their brains with the problem 
of rehabilitating existing roads that have become obsolete because of in- 
creased traffic volumes and wheel loads. Many of these roads are narrow 
concrete pavements that still have structural value. The problem is com- 
pounded because a considerable additional cost is involved if the concrete 
pavement is removed and disposed of. 

State Highway 347 south of Beaumont in Jefferson County, Texas consisted 
in part of an old 16 foot wide concrete pavement 6 inches thick. The traffic 
volume on this section of road was 5000 to 6000 vehicles per day. It goes 
without saying that during peak hours traffic congestion was almost unbear- 
able, The greatest congestion occurred during shift changes at the refineries 
and industrial plants located in the area. 

Concrete pavements in the South Texas area had been rehabilitated by 
several methods during the last ten years. Both light and heavy asphaltic 
concrete overlays had been used. Heavy (up to 12 inches) flexible base over- 
lays had been constructed where such grade raises could be permitted. Ex- 
tensive undersealing and leveling by mud jacking had been done both with and 
without overlays. In one case a penetration seal was placed on the concrete 
slab after undersealing and leveling with an asphalt slurry. 

The Texas Highway Department had practically no experience with 


Note: Discussion open until March 1, 1956. Paper 1074 is part of the copyrighted 
Journal of the Highways Division of the American Society of Civil Engineers, Vol. 
82, No. HW 3, October, 1956. 
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Fig. 1. The Old Road Prepared for Resurfacing. 


concrete slab overlays. In fact, very few jobs of this type were available in 
Texas for study and comparison, Perhaps the reason, so few jobs had been 
constructed, was the fact that, in most cases, no satisfactory detour for the 
existing traffic could be provided without excessive cost. Then too, in areas 
where parallel facilities were available for a detour, a grade raise could not 
be permitted; in fact, a lower grade for a street section would be required in 
most cases. 

The present and anticipated traffic volumes on State Highway 347 indicated 
a four-lane divided highway was needed and this type facility was authorized. 
This solved the detour problem. Traffic could use the old road while parallel 
traffic lanes were being constructed, After the new traffic lanes were com- 
pleted, traffic could use the new lanes while the old road was being rehabili- 
tated, see Fig. 6. 

The right-of-way width was 200 feet. This width permitted a rural type 
cross section and a grade raise was not considered objectionable, 

The Highway Planning Survey Division of the Texas Highway Department 
studies, weighs and reports on the wheel loads of vehicles using Texas high- 
ways. “Wheel Loads on Texas Highways,” published in 1953, is the basis for 
evaluating and determining the wheel load to be used for individual projects, 
The wheel load map for the Jefferson County area indicates that the average 
of the ten heaviest loads expected on State Highway 347 at the present time is 
12000 pounds. For long life the design wheel load selected will usually be 
higher than the wheel load indicated by the map, and a selection is made on 
the basis of experience and judgment. 
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Fig. 2. Setting Forms. 


The Texas Highway Department’s usual practice is to estimate 
Westergards “k” factor for the subgrade under concrete pavements after 
making triaxial tests of so called undisturbed samples of the subgrade. 
These samples are taken from a depth of zero to fifteen feet below the eleva- 
tion of the pavement in cuts and on low fill sections. On high fills prepared 
test samples are used, Triaxial tests are also used to design flexible bases. 

A discussion of the methods used to estimate “k” and to design flexible 
bases is published in Book II of “Plan Preparation” published by the Texas 
Highway Department, The Materials and Tests Division by Administrative 
Circular 43-50 transmitted to District Engineers and Engineer Managers 
three articles on triaxial test methods and the application of test results. 
These references are cited for the benefit of those who may wish to review 
these methods. 

The Texas Highway Department Standard Specification Item 320 requires 
that the concrete for pavements be designed with the intention of producing a 
minimum average flexural strength of 650 pounds per square inch at the age 
of seven days using a standard testing machine in which the load is applied at 
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the center of the beam span. It is customary to assume that concrete will 
gain 10% of its seven day strength at the age of 28 days. On this basis the 
strength of concrete is assumed to be 715 pounds per square inch when 
stresses from loads are calculated, 

The Texas Highway Department has not developed a method for the design 
of concrete resurfacing. An empirical formula for determining the depth of 
concrete resurfacing has been reported by the Portland Cement Association. 


The formula is Dr = (p87 - cpe”)!/ 3 Dr is the depth of resurfacing in 
inches, D the required thickness in inches of a single slab for the same con- 
ditions of loading and subgrade, and De the depth in inches of the existing 
slab. “C” is a constant whose value is assigned on the basis of the condition 
of the existing slab and usually varies from 0.35 for slabs in poor condition 
to 1.0 for slabs in excellent condition. I understand that this formula was 
originally proposed by Mr. R. R. Philippe, while he was employed as Director 
of the Ohio River Division Laboratories, Corps of Engineers Department of 
Army. 

When the existing sixteen foot concrete pavement was examined, its struc- 
tural condition was classed as fair. Maintenance had been excellent, and 
gravel shoulders had been placed on both sides of the old slab. 

Estimates of cost indicated the cost of a concrete overlay compared favor- 
ably with the cost of alternate types of construction that were considered to 
be structurally equal to a concrete slab overlay. A cross section of the con- 
crete overlay is shown in fig. 3. 

It will be noted from the typical cross section that the edge of the overlay 


a 
| 
€ 
aa 
. 
oy 
Fig. 4. Longitudinal Joint Machine and Bull Float. 


1074-6 HW 3 October, 1956 


slab was placed at the edge of the existing slab. During construction, it was 
found that the old slab was not exactly true to line. See Fig.1. For con- 
struction convenience the new slab was shifted one foot thereby over-lapping 
the existing slab. See Fig. 2. This change required a slight modification of 
the contraction joint form that might have been avoided by planning the over- 
lay slab to overlap the existing slab. 

Two longitudinal joints were required by the plans. One longitudinal joint 
was located above the center of the old sixteen foot concrete slab. See fig. 4. 
The other was placed at the edge of the old sixteen foot slab. Alternate types 
of longitudinal joints were permitted by plans. The type used by the contrac- 
tor was the cut and coated groove formed by cutting the fresh concrete and 
coating the sides of the cut with curing compound. A 1/2" round deformed 
bar 3'-0" long spaced at 2'-6" centers was placed across the joint to tie the 
two slabs together. 

During an inspection of the project on January 12, 1955, it was noted that 
some of the longitudinal joints were operating and some were not. It is be- 
lieved a crack will develop at both of the weakened planes along the longi- 
tudinal joints after a few wet-dry cycles have occurred. 

The pavement design specified that contraction of the pavement would be 
relieved by contraction joints spaced at fifteen foot centers transversely 
across the pavement. No expansion joints were used. Contraction joints 
were formed by vibrating a metal contraction joint form into the fresh con- 
crete pavement with a machine traveling along the forms. The specifications 
permitted the form to be staked to the subgrade, but the contractor elected to 
vibrate the form into place. The joint form is made of 28 gage galvanized 
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metal shaped so as to form alternate tongues and grooves in the concrete and 
the form is left in the concrete, see fig. 5. The tongues and grooves are cir- 
cular in cross section with a diameter of one inch. This shape permits con- 
traction without appreciable loss of load transfer when the joints are spaced 
at not more than fifteen feet on centers. The shape of the contraction joint 
also permits slight vertical movement at the joint to relieve warping 
stresses and permit allowable deflections. In this respect, the joint resem- 
bles two interlocking gears. The top 1 3/4 inch section of the metal form is 
not curved. The top of the form is placed as close to the surface of the slab 
as practical and not more than 1/4 inch from the surface. The bottom of the 
form is designed to be placed one inch from the subgrade. 

Each fifteen foot panel was reinforced with welded wire fabric placed five 
inches from the top of the slab. Longitudinal wires were No. 1 on six inch 
centers, and transverse wires were No, 7 at twelve inch centers. A reinforc- 
ing steel mat was permitted as an alternate at the option of the contractor but 
was not used. 

The paving design assumed that the reinforcing steel would prevent any 
cracks that might form from opening. No allowance was made in the design 
for any stress relief the reinforcement might provide. a 

The construction of the project was performed under the general super- fe 
vision of Mr. W. E. Simmons, District Engineer for the Texas Highway De- 
partment, and under the direct supervision of Mr. E, R. Young, Expressway 
Engineer. The District Office and Expressway Office are both located in 
Beaumont. The contractor was the Worth Construction Company of Fort 
Worth, Texas. 
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ECONOMICS OF SELF- PROTECTION OF HIGHWAYS 
AGAINST FLOOD DAMAGE 


J. C. Young, M. ASCE 
(Proc. Paper 1075) 


SYNOPSIS 


Flood-protection economics for highways must take into account engineer- 
ing, legal and public interest considerations, both tangible and intangible in 
character. To reach sound decisions, it is important to know the limitations 
of economic analysis. What follows is an appraisal of the factors involved, 
and the logic of their application. 


INTRODUCTION 


A century ago, W. M. Gillespie, Professor of Civil Engineering at Union 
College, stated, “A minimum of expense is, of course, highly desirable, but 
the road which is truly the cheapest is not the one which has cost the least 
money but the one which makes the most profitable returns in proportion to 
the amount which has been expended upon it.” Even 100 years ago, Professor 
Gillespie recognized the need for economic analysis in highway problems. 

This paper will cover the application of economic analysis to problems of 
self-protection of the highway against flood damage. In the past, the engineer- 
ing evaluation of risk against capital investment has been limited mostly to 
bridges and major structures. This limitation stemmed mainly from the low 
capital investment and rapid obsolescence of early day highways. Today, the 
permanent character of freeway and expressway construction coupled with the 
large investment tends to make a more complete analysis of the risk and in- 
vestment factors profitable. 

Any state highway system, because it is a complete network of highways 
covering a State, is almost certain to be involved in every flood problem 
within the State. There are few streams that fail to intercept at least one 
state highway, and in many cases a major flood may involve several highway 
crossings of the same stream. The degree of protection against flood damage 


Note: Discussion open until March 1, 1957, Paper 1075 is part of the copyrighted 
Journal of the Highway Division of the American Society of Civil Engineers, Vol. 
82, No. HW 3, October, 1956. 
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must follow a consistent policy throughout the system as a whole. Thus for 
roads of equal importance, it would be poor practice to provide against a 10- 
year storm frequency in one place and a 20-year frequency in another par- 
ticularly when crossings of the same stream are involved. At the same time, 
the degree of flood protection should be commensurate with the degree of 
damage to the road that is likely to be incurred. The economic analysis, 
then, is instrumental in achieving consistency as well as in comparing the 
worth of protective measures. 

Since the subject of flood protection economics covers a wide field, it is 
expedient to limit this discourse. For one thing, it appears unproductive to 
look for game in the field of procedures. There is better hunting elsewhere, 
namely, in the factors to be considered. There are many uncertainties in the 
economic analysis which need inspection. They stem from incomplete data, 
inadequate engineering knowledge of flood hydraulics, and the unsubstantial 
character of intangible,considerations. To achieve sound decisions, it is 
important to know the limitations of economic analysis. What follows, then, 
is an appraisal of the factors involved, both tangible and intangible, and the 
logic of their application to problems in flood protection economics. 

Any illustrations used in this discussion will refer to California condi- 
tions since that is the area with which the writer is most familiar. 


Effect of Flood Type on Economics 


The economic analysis is affected substantially by the type of flood. Be- 
cause of the different degrees of risk they impose, the types of floods likely 
to be encountered must be identified. These are the types: 


a) Inundation from backwater rising to a level above the highway; and 
b) Flooding by a freshet overtopping the highway. 


Flooding by inundation often occurs where large streams cross the high- 
way. Such floods can be fairly accurately predicted as to frequency and 
duration because adequate hydrologic information is usually available for 
such streams. In other words, since flooding resulting from large streams 
is more readily predictable, the economic analysis is more reliable. 

The freshet type of flood, or the flash flood, is typical of semi-arid 
regions. It usually occurs in small watersheds, particularly on the steep 
alluvial fans in Southern California. Although it is of short duration, it car- 
ries the threat of high property damage and loss of life. In the most north- 
erly reaches of California, where a yearly precipitation ranging from 40 to 
100 in. can be expected, a flood runoff between 100 and 400 sec ft may 
develop from an area of one square mile. But in the semi-arid portions of 
Southern California, where the yearly rainfall varies from 2 to 15 in. as 
much as 1200 sec ft of runoff can materialize in an equal area. Any drain- 
age problem is likely to be complicated by infrequency, short duration and, 
often, by the absence of hydrologic information. Thus, in semi-arid regions, 
because of uncertain flood predictability, the economic analysis is apt to be 
less reliable. 


Methods Employed in Economic Analyses 


It is well to admit at the outset, that public highway economics today is a 
rather inexact science. Certain details of importance, such as the unit value 
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of time and the value of auto accidents need more searching study. Indeed, 
many authorities in highway economics will not admit that any value whatever 
can be assigned to time in the case of passenger cars although most will 
agree that some value can be assigned when considering commercial vehicles. 

There are twe methods of analysis used by the California Division of High- 
ways. These will be identified as Method “A” and Method “B” for purposes of 
discussion. 


Method “A” 


A simple method commonly used for evaluating a drainage improvement is 
a comparison of the total probable annual cost of physical damage to the high- 
way under existing conditions against the annual cost of adequate protective 
measures. Alternative designs also may be compared in this manner. This 
method applies usually to roads with low traffic and is useful in appraising 
the worth of minor improvements involving a small outlay, such as the en- 
largement of a small culvert, a minor raise in grade, or minor erosion 
protection. 


Method “B” 


For improvements of larger scope, particularly on roads with high traffic 
volumes, in addition to estimating the physica! damage that might occur if a 
certain protective measure is not taken, it becomes necessary to appraise 
the benefits of the protective measure to the users of the highway. Road 
user benefits or savings are the difference in annual costs to road users 
traveling over the highway under existing conditions and under the conditions 
which will prevail after the improvement. These road user benefits include 
vehicle operating costs, value of lost time, accident costs, and sometimes a 
strictly arbitrary value assigned to comfort and convenience. The annual 
road user benefits plus the annual cost of physical damage under existing 
conditions are balanced against the annual cost of the flood protection meas- 
ures under consideration. This type of analysis is useful when alternative 
drainage improvement plans are being considered since all of the alternatives 
may not result in identical user savings. 


Factors Considered in the Economic Analysis 


The economic justification of flood protection works must be made on the 
basis of two kinds of factors: tangible and intangible. 

The key to this classification is: a) if the item can be appraised within 
reasonable limits in terms of dollars, it is a tangible factor: b) if it cannot 
meet this test, it is an intangible. Following is a list of factors which fall 
into these categories: 


1) Tangible Factors 


a) Replacement of embankment or structure. 

b) Replacement of pavement and shoulders. 

c) Clean-up and traffic control expenses. 

d) Placing and removal of detour or temporary drainage facilities. 
e) Replacement of erosion control planting. 
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f) Extra travel distance costs. 
g) Accelerated pavement deterioration by subgrade saturation. 


Intangible Factors 


a) Time-delay costs (these may be treated as tangibles in some cases). 
b) Conflicting public interests. 

c) Accidents directly attributed to floods on the highway. 

d) Legal responsibilities of the highway agency. 

e) Future price trends. 

f) Comfort and convenience. 

g) The degree of risk to be accepted. 


The tangible items, (a) through (e) inclusive, can be easily applied in 
terms of dollars for purposes of economic analysis. No further discussion 
is believed necessary because they are clear cut. The remaining factors will 
be covered below. 


Extra Travel Distance 


Extra travel distance due to flooding of the highway is a tangible value be- 
cause it represents a measurable out of pocket operating cost to the road 
user. It is generally an important yardstick in measuring the worth of flood 
protection measures. 


Pavement Deterioration 


Another factor worthy of discussion is accelerated pavement deterioration 
due to flooding. When an old pavement is involved, the presumption that 
damage will occur is well founded. If, on the other hand, it is a pavement 
that was built and designed to modern standards, saturation of the subgrade 
should have only minor effect. Because it can be treated as a definite cost 
item, it is regarded as a tangible consideration. 


Intangible Considerations 


A complete discussion of all the intangible factors is beyond the scope of 
this presentation. By their very nature, they defy the assignment of dollar 
values. Some factors can not be evaluated because their estimated value 
varies between wide extremes depending on the source of information. It is 
much safer to regard such items as intangibles. Other factors, which ob- 
viously cannot be given a value, may have one effect in one situation and the 
opposite effect in another. Such factors, then, are properly considered after 
comparisons of the tangible factors, or the dollar values have been made. 


Time Factor 


The time or delay factor has been listed as an intangible. As previously 
mentioned, it is one of the most controversial factors in highway economics. 
Because of the difficulty in arriving at an acceptable value of lost time, this 
factor seldom can be used as an absolute yardstick by which to measure how 
much to invest in flood protection. 
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Public Interest 


Of all the intangibles, the most nettlesome factor is conflicting public 
interests. Public interest is not reflected as an attitude or a force that 
always acts in one direction. In fact, in a drainage situation, the interests of 
the traveling public are frequently diametrically opposed to those of the af- 
fected property owners. While the obligation of the highway engineer is 
primarily to the highway user rather than to the property owner, it becomes 
his duty to evaluate the interests of both groups. 

A typical situation of this kind would be to determine the height of fill for 
an improvement where a highway carrying heavy traffic is overtopped by 
storm water and upstream property is flooded about once a year. In the 
interest of the highway user, it would be desirable to keep the road dry at all 
times by holding to a high grade line and allowing upstream property to be 
flooded. From the property owner’s viewpoint it would be desirable to build 
a bridge and pass the whole flow under the highway without upstream ponding. 
This solution would be a benefit to both the property owner and the road user, 
but it would be the most costly. A reasonable and economical solution would 
be to accept a lower fill and build a culvert of sufficient capacity to keep up- 
stream flooding within tolerable limits. This means accepting a reasonable 
risk of flooding which would incur small damage to both upstream property 
and the highway, say once in 20 yr. This is not a serious inconvenience to 
the road user. Thus, the decision for or against full protection of the high- 
way against flood damage is heavily influenced by an intangible: public 
interest or public opinion. 


Accidents 


A reasonable annual cost of property damage and loss of life caused by 
accidents involving motor vehicles and directly attributable to flooding of the 
highway is difficult to establish. In many cases, the accident record is insuf- 
ficient to clearly show that pavement flooding is causing accidents. It is 
reasonable to assume that even without a single reported accident within a 
given period of time a nonassessable accident potential would exist, for if 
given more time, accidents would occur. The procedure then would be to 
use this assumption as an intangible value for or against the project, after 
the dollar items have been appraised. On the other hand, in situations where 
a definite record exists, the costs of accident losses may be applied if de- 
sired, Since the unit cost of accidents can vary depending on tie source of 
information, such costs must be applied with care. In general, it is advisa- 
ble to treat this factor as an intangible. 


Legal Considerations 


While legal considerations are classified as intangible they enter very 
strongly into the analysis of drainage projects. 

In any drainage improvement where adjacent properties are affected, it is 
proper to include in the estimates of damage any items for which the highway 
authority would be held liable. Frequently, what appears to be an inconse- 
quential improvement becomes a major undertaking when the legal aspects 
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of the situation are considered. Should legal considerations dictate a major 
improvement where only minor changes were initially contemplated, the 
more exacting method of analysis, Method “B”, may be required particularly 
if the traffic volume is large. 


Future Price Trends 


The cost of replacement must be recognized in any analysis. Specifically, 
the questions which confront the engineer are: What will be the future cost of 
replacement and what present cost of flood protection is justified to prevent 
future destruction of the highway plant? Replacement cost estimates depend 
on future price levels. Hence, they are not as authoritative as past and 
present costs. Thus a culvert design which exceeds an alternative design by 
a small margin cannot be hastily rejected solely on the basis of replacement 
cost. The choice may depend on other factors. 


Comfort and Cunvenience 


Comfort and convenience are intangible benefits. Although they cannot be 
given a definite value, these benefits are real and merit consideration. Proof 
of this is the many drivers attracted to a freeway despite the fact that, in 
many cases, there are apparently no savings in time or distance. The drivers’ 
reasons may be many and varied: It is easier driving over the freeway, other 
routes are congested, there are no grade intersections on facility, stop and go 


driving is absent, there is less strain on the driver, etc. This points toa 
road user preference that is beyond the value of time and operating cost 
savings. Highway engineers accept this logic but find it difficult to assign a 
definite numerical value to comfort and convenience. Therefore, this factor 
is best applied as a plus or minus value, as the case may be, after the tangi- 
ble factors have been weighed. 


Degree of Risk 


A fundamental tenet of the economic analysis is that the investment must 
be consistent with the benefits. This implies the acceptance of a risk. The 
amount of damage or risk that can be reasonably accepted is a variable de- 
pending on the situation. As a matter of economics, the degree of risk de- 
pends on the volume of traffic using the road and the value of the investment 
to be protected. Since the annual amount of damage is frequently a matter of 
record it is readily assessible and, as mentioned before, is a tangible factor. 

The concept of accepting a future risk requires estimates of future damage 
which are less authentic for two reasons. First, this involves forecasting 
future construction costs. Second, the degree of risk may change, particularly 
in an expanding economy, as in California at this time. In general, any 
changes in the character of the watershed affect the risk. As an area adjacent 
to the highway develops, the risk of flood damage to the highway and to private 
property increases. If flood control measures are instituted outside the high- 
way, the risk of flood damage decreases. If a timbered watershed is likely to 
be logged, it may mean increased runoff and an increased risk after the tim- 
ber is stripped. Such contingencies must be considered in the analysis. In 


q 
<i] 

{ 
Sh 

q 

= 

7 


ASCE YOUNG 1075-7 


effect, the problem is one of peering into the future and making a reasona- 
ble estimate of what is likely to happen. 


Cooperative Flood Protection Projects 


In many cases, it is impossible to separate storm waters into those for 
which adjacent property owners and those for which the highway authority 
would be responsible. Such problems can not be solved solely by protecting 
either adjacent property or the highway. A comprehensive solution which 
protects all concerned is needed. Such conditions give rise to cooperative 
projects where the interested parties share the costs. The determination of 
the amount of benefits received by each of the parties to a cooperative drain- 
age scheme is seldom easy. The methods used in determining these relative 
benefits could well be the subject of a separate discourse. 

In determining the absolute benefit, in dollars, to the highway, it is advisa- 
ble to use only out of pocket costs based on past experience. User benefits 
seldom can be used as absolute dollar values to determine the amount to be 
paid by the highway authority. They may, however, be used for comparison 
with similar benefits accruing to the other parties to the cooperative project 
in order to determine the proportionate share of the total cost to be borne by 
each. 


Weighing Alternatives 


In flood protection problems, as with other engineering problems, it is 
necessary to deal with alternatives. Many a worthwhile saving has been 
sacrificed by overlooking an alternative solution. Some engineers, catering 
perhaps to a sense of perfection, are prone to accept elaborate designs which 
give the greatest amount of flood protection. At the other extreme, there are 
engineers who will accept the scheme with the lowest first cost. This is 
forgivable if the reason is shortage of funds. Again, there are engineers who 
will base a decision on preconceived notions as to what is considered the 
most economical for the conditions. There is a middle ground between these 
extremes which merits exploration. Frequently, study brings up an alterna- 
tive that is more desirable than those previously considered. Even when all 
the likely alternatives are reviewed there is a margin for error if only a 
summary appraisal is made. Careful evaluation of the risks involved may 
prove that a hastily rejected alternative involves but a minor risk, and an 
economic analysis may disclose that this is the most promising alternative. 


CONCLUSION 


In view of the many uncertainties heretofore discussed, it must be con- 
cluded that the economics of flood protection in public works is not straight- 
forward. It is complicated by engineering, legal and public interest factors. 
It is restricted by the incompleteness of engineering knowledge and it is 
further limited by the elusiveness of legal principles which can not be 
literally applied to each individual problem. Once the engineering and legal 
issues have been clearly defined and weighed, the keen appraisal of the in- 
tangibles remains to be done. 
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In spite of these difficulties and lest the reader has become discouraged by 
them, it must be concluded that whatever its shortcomings, economic analysis 
is still a useful and necessary tool in the evaluation of flood protection proj- 
ects. 
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ABSTRACT 


The paper describes how U. S. Bureau of Public Roads is engaged in ex- 
tending highway technical assistance in foreign countries, The arrangements 
under which this program is carried on and administered and the status of 
the work in the several countries, the aims of the program, and the difficul- 
ties of recruiting personnel are set forth. 


The U. S. Bureau of Public Roads is engaged in foreign road programs of 
one type or another in Ethiopia, Turkey, Jordan, Liberia, the Philippines, 
Pakistan, British Guiana, Haiti, Ecuador, Panama, Costa Rica, Nicaragua, 
Honduras, El Salvador and Guatemala. 

In Ethiopia technical assistance is furnished under a loan agreement be- 
tween Ethiopia and the International Bank for Reconstruction and Develop- 
ment, In Turkey, Jordan, Liberia, Pakistan and the Philippines, present 
operations have been undertaken at the request of the International Coopera- 
tion Administration, although in both Turkey and the Philippines Public Roads’ 
association with the country actually predated the general foreign assistance 
program established by the Economic Cooperation Administration, which 
later became the ICA. In Liberia Public Roads is also acting in a dual ca- 
pacity, that is, in the field of technical assistance through agreement with 
ICA and as consulting engineer designated by the Liberian Government in 
accordance with a loan agreement with the Export-Import Bank. In British 
Guiana and Haiti the activities are sponsored by the ICA, but the projects are 
short term. In Ecuador the organization is acting as consulting engineer on 
a project financed under an Export-Import Bank loan, In Panama, Costa Rica, 
Honduras, Guatemala, El Salvador and Nicaragua primary activity involves 
the construction of the Inter-American Highway for which appropriations are 
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made by the United States Congress to the Bureau of Public Roads and which 
are matched in part by the participating country. In addition, in Guatemala, 
the Bureau of Public Roads is furnishing engineering assistance to the ICA in 
connection with the construction and improvement of the Atlantic and Pacific 
Highways. In El Salvador, in addition to the work on the Inter-American 
Highway, Public Roads has cooperated with the International Bank in the pre- 
liminary engineering studies for the Pacific Highway. In Honduras Public 
Roads, in cooperation with ICA, has given engineering assistance and advice 
to the Department of Public Works in the design and construction of the 
“Highway of the South” which connects Teguciagalpa with the Inter-American 
Highway. In Nicaragua, similar assistance has been extended in the planning 
and construction of the highway system, which work is being financed in part 
by a loan from the International Bank. Also in Nicaragua, Public Roads is 
engaged in furnishing engineering assistance and funds for the Rama Road 
which will provide a highway route from the Atlantic to the Pacific. 

Administratively the engineering direction and control of these projects is 
carried on in Washington by the Inter-American Highway Office for the work 
in Ecuador, Panama and the Central American countries. All other foreign 
projects are administered by the Foreign Projects Office. In Ethiopia, Tur- 
key, the Philippines and Pakistan division offices have been established which, 
during the peak of the work correspond roughly to the division offices in the 
United States. In Liberia, Jordan and the Central American countries includ- 
ing Panama, district offices have been established. In the overseas divisions, 
district offices are established when the need of the work requires it and are 
discontinued when it is possible to centralize the administrative control. A 
typical division office on one of these foreign projects would be headed by a 
division engineer with a staff of a programming and planning engineer, a de- 
sign and construction engineer, a maintenance engineer, an administrative 
officer, a materials engineer, a bridge engineer, and an equipment engineer. 
These staff engineers are of course assisted by one or more technicians. In 
the districts and particularly in the Central American countries the staffs are 
somewhat similar. 

The administration in Washington is divided between the Inter-American 
Highway Office and the Foreign Projects Office because the work involved is 
markedly different. In the countries through which the Inter-American High- 
way passes the primary objective for many years has been the construction of 
the Inter-American Highway which stretches from Nuevo Laredo, Mexico, to 
Panama City, Panama, While considerable training was given to nationals of 
the countries involved and substantial technical assistance was extended to 
the several highway departments in the course of construction of the Inter- 
American Highway, the actual construction itself has been the predominant 
note. In the countries which are administered by the Foreign Projects Office 
the immediate objective in some cases has been the reconstruction of the 
highway system which was damaged or neglected during the war, such as the 
highway systems of Ethiopia or the Philippines, but the long term objective 
has been the establishment of strong, capable highway departments, compe- 
tent to carry on highway design, construction and maintenance after the mis- 
sion has been withdrawn. By insisting upon the nationals of the country doing 
as much of the work as possible, both in the engineering and construction 
field, these programs of reconstruction have been used as a training school, 

A brief history of the operations in the principal areas in which work has 
been carried on might be of interest at this point. Public Roads began its 
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assistance in Central America on the Inter-American Highway after agree- 
ments were reached with the participating countries in 1929. In 1930 Con- 

gress appropriated $50,000 for a reconnaissance survey for a road to connect 
North and South America. The survey was completed in 1933, Mexico elect- 

ed to build their portion without assistance from the United States, 

In 1934 the first United States appropriation for construction, $1,000,000, 
was made available for technical aid and materials, mostly bridge steel, The 
participating countries furnished local materials and labor and under a co- 
operative agreement bridges and certain sections of road immediately func- 
tional were built, largely as demonstration projects. This work was com- 
pleted in 1939. 

In December 1941 Congress authorized an appropriation of $20,000,000 for 
construction of the Inter-American Highway from the Mexico-Guatemala bor- 
der to the Panama Canal with the proviso that the participating country pay at 
least one-third of the cost. Construction with this fund was started in 1942 
and continued without interruption until the funds were exhausted in 1951. In 
the interim Congress appropriated an additional $12,000,000 in 1943 to cover 
the extraordinary heavy construction in the mountains of Costa Rica. This 
fund did not require matching since the country did not have the financial re- 
sources to pay. 

The sum of $64,000,000 over a period of 8 years was authorized for this 
work in the Federal-aid acts of 1950, 1952 and 1954 but appropriations did not 
keep pace and the continuity of work suffered to some extent, In 1955 Con- 
gress authorized the sum of $74,980,000 and appropriated $62,980,000 to com- 
plete the highway as rapidly as possible and work is now going on full scale, 

In Guatemala, starting at the Mexican border, there is an impassable gap 
of approximately 25 miles on which construction is now active. Beyond this 
gap between Guatemala and Costa Rica the highway is in fairly good condition 
to San Isidro, Costa Rica, traversing El Salvador, Honduras and Nicaragua. 
From San Isidro, Costa Rica, to Concepcion, Panama, there is a gap of pos- 
sibly 150 miles through rough and undeveloped territory. From Concepcion 
to Panama City, a distance of 350 miles, a substandard road exists and is 
passable at all times. Since 1945 a total of 100 miles has been reconstructed 
and brought up to standard. 

The total length of the Inter-American Highway is approximately 3200 
miles, including 1600 miles in Mexico upon which no United States funds have 
been expended. 

The following table will indicate the progress made since 1930: 


Percent, 1930 Percent, 1955 


Paved 7 64 
All weather 15 31 
Dry weather 9 - 
Impassable 69 5 


Survey and construction work on the Inter-American Highway is currently 
active in the six republics with a total of 21 projects under construction or 
scheduled for construction, All of these projects are financed by project 
agreements with the Ministry of Public Works of the participating country in 
the pro rata share of funds established by law, United States two-thirds, par- 
ticipating country one-third. Total funds obligated for these projects is 
$61,141,950 with the United States share of $40,761,300 and cooperators 
$20,380,650. 
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The program of technical aid to Turkey was begun in 1947. Approximately 
$45.5 million has been made available since that time to finance the cost of 
technical assistance and the procurement of road-building and maintenance 
equipment. The Highway Directorate of Turkey, under the instruction of Pub- 
lic Roads technicians have developed their capabilities rapidly. Their high- 
way system now comprises slightly over 15,000 miles and there are approxi- 
mately 72,000 miles of secondary roads which are passable by ox-cart. 
Since 1948, 13,800 miles of all-weather road has been constructed, 

Public Roads has been engaged in activities in Ethiopia since 1951. Prior 
to the war Ethiopia had a respectable highway system considering the general 
stage of undevelopment of the country but due to neglect during the war these 
roads, constructed by the Italians, deteriorated, Under the terms of the Inter- 
national Bank loan the Public Roads staff actually operates as the staff of the 
Imperial Highway Authority supplemented by such nationals as can be devel- 
oped, At one time Public Roads had a staff of 40 in Ethiopia but this has been 
cut in half as the work progressed and Ethiopians have assumed a greater de- 
gree of responsibility. More than 90 per cent of the 3100 miles of road on the 
national system has been opened to all weather travel and this has reduced 
transport costs. 

Public Roads has operated in the Philippines since 1946, The original 
program, which was completed in 1952, involved the reconstruction of roads, 
streets and bridges and the construction of such new facilities as were essen- 
tial to the national economy and the national defense, $40,040,000 were made 
available for this program and substantially expended. This resulted in the 
construction of approximately 500 bridges and reconstruction of 360 miles of 
high type roads and streets. Since 1952, operating under an agreement with 
- ICA and its predecessor agencies, Public Roads has assisted in designing and 
placing under construction approximately 360 miles of new roads on the unde- 
veloped Island of Mindanao to encourage resettlement by tenants on land to 
which they could obtain title. Approximately $17 million of construction 
equipment and supplies have been furnished for this and a complementary 
maintenance program of the 18,000 miles of the national highway system, 
Here, as in Turkey, the emphasis has been upon the development of a strong 
highway department with as much of the work as possible being done by 
Filipinos. Under this plan the peak staff of 40 Public Roads people has been 
reduced to 11. Legislation has been passed by the Philippine Congress sepa- 
rating the highway function from the Bureau of Public Works and reorganizing 
it as the Bureau of Public Highways. 

In Liberia the activities have been somewhat smaller than the countries 
discussed previously. Here the operation is complicated by the fact that there 
are so few trained Liberian engineers. Most of the Liberian staff is made up 
of nationals of other countries and Public Roads people find themselves in an 
operating as much as an advisory status. This work was started in 1951 under 
an Export-Import Bank loan of $5 million. Subsequently another loan was 
negotiated for $15 million most of which is to be used for highways. Efforts 
are being concentrated in placing in better condition the existing 1000 miles 
approximately of the national system and extending this system through new 
construction to an aggregate of 1500 miles. The present Public Roads staff 
is 10 people. 

The assistance project in Jordan was begun in 1952. The main east-west 
north-south roads will be constructed under a 5-year program. Here the pro- 
ject is in part a work relief program since about 8,000 displaced persons are 
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employed to minimize unrest and to give them subsistence income. Approxi- 
mately $1.1 million is being spent for equipment to do heavy work that cannot 
be done by hand labor. 

During 1955 a technical assistance program was undertaken in Pakistan. 

A division office has been established and a materials laboratory is being in- 
stalled in Lahore, A disthict office has also been established in Dacca, East 
Pakistan, since this area of Pakistan is separated from the central Govern- 
ment at Karachi by India. A wood treatment plant is being purchased to make 
treated timber available for bridges and other purposes and enough equipment 
is being supplied to equip two demonstration projects. Approximately 
$1,250,000 of United States aid have been allocated for equipment and techni- 
cal aid to date, 

Consultants have been sent to British Guiana and to Haiti recently to ad- 
vise those governments on a highway development and maintenance program. 
During the past year one consultant was furnished to Korea to assist in a 
shop program and similar requests are received from time to time from 
various other countries. 

All of these country projects with the exception of those involving the Inter- 
American Highway are as stated before, basically training programs for tech- 
nicians of the host governments. This training is accomplished by holding 
engineering seminars in the country, by on-the-job training, by the prepara- 
tion of manuals of instruction, and finally, by the training of foreign nationals 
in the United States. 

During only the past three years a total of well over 300 highway engineers, 
administrators and technicians have come to the United States seeking to 
learn from us something of our knowledge and experience in the improvement 
and utilization of highways. Upon their return to their own countries, that 
which they have learned from us is adapted and applied to their particular 
conditions and problems and contributes to the improvement of highways and 
of highway transportation, which are accepted as essential factors in eco- 
nomic development and in increasing standards of living. These visitors 
have come from 50 or more countries located in almost all parts of the world. 

For example in the State of Texas with its wide variety of topographic and 
climatic conditions and its thoroughly qualified staff of engineers, the High- 
way Department has always cooperated fully and has contributed freely of the 
high technical knowledge and broad practical experience of its officials, engi- 
neers and technicians, to the training of these visitors from other countries. 
During the past three years the Highway Department has cooperated with the 
Bureau of Public Roads in providing training opportunities for at least 23 in- 
dividuals. These visitors have represented the countries of France and 
Germany in Europe; Egypt, Tanganyika, the Union of South Africa and 
Southern Rhodesia in Africa; Turkey and Iran in the Near East; Thailand, 
Australia and the Philippines in the Far East; and Colombia in South America. 

It will be recognized, of course, that training requires time, tact and pa- 
tience. Many of the countries in which Public Roads is working have none of 
the basic skills which are accepted as commonplace in this country. Some of 
the countries have inadequate elementary school training and little or no 
scientific education facilities. Those who have experienced the accumulation 
of engineering and mechanical skills in highway departments and other con- 
struction organizations over the past 30 or 40 years in the United States will 
realize how difficult it would be to attempt to develop all of those skills in a 
previously untrained people in a period of 6 to 8 years, None of the countries 
had been mechanized in the sense that the work is used here. 
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The foreign projects have proved to be very complex; recruiting the 
technical staff, the evaluation of the equipment and supplies needed, the es- 
tablishment of working relationships with the host country, the scheduling of 
equipment purchases and the arrangements for the training of foreign engi- 
neers in the United States all require a high degree of coordination. On the 
latter point, for example, it might be pointed out that very often there are on- 
ly a few engineers available in the host country. It is desirable to have them 
trained in the United States as soon as possible, but if they are sent to the 
United States immediately then there is no one left with whom the technical 
advisors can do business. Shops must be set up and mechanics must be train- 
ed before equipment is received. Operators must be trained before work is 
undertaken. Fortunately in most cases some time must elapse before surveys 
and preparation of plans are completed which presents an opportunity to ac- 
complish training and organization before there is too much pressure by the 
public for visible accomplishment in the field. In many cases Public Roads is 
handicapped in planning country programs for highway development by reason 
of an utter lack of any basic data. The engineers have operated in many areas 
where there were not even accurate maps which showed the location of the 
roads and in some instances the maps indicated mountain ranges running at 
right angles to the position that they were later found to occupy. 

The recruiting of personnel for these projects has been particularly diffi- 
cult. The professional requirements for men occupying positions overseas 
are high. Public Roads does not have large staffs overseas and it is impor- 
tant, therefore, that the engineers be able to do many things without the oppor- 
tunity to consult with specialists. The individual selected for this work must 
have many personal traits which are not always easy to find in one man. He 
must be a person of ability, diplomacy and sincerity. He must be willing to 
undergo a certain amount of hardship and to forego the pleasures associated 
with life in the United States. He must have a sincere liking for other people 
and a tolerance for the habits and customs of other races. His behavior is 
constantly spotlighted, Actions which would not attract any undue attention in 
the United States are sometimes resented by people of other nations, and 
every American on one of these projects is a representative of the United 
States and its way of life. Even the man’s family must possess many of the 
characteristics mentioned, and thoughtless behavior or intolerance for local 
customs and conditions by a dependant may cause as much or more difficulty 
than by the employee. As a general rule, the people with whom Public Roads’ 
engineers are associated in foreign countries are courteous, friendly and 
hospitable, and this feeling must be reciprocated by the people in the mission 
if the project is to be successful. Good health is important. In many coun- 
tries the climatic conditions are severe and the sanitary conditions some- 
thing less than what Americans are accustomed to. 

The development of highways in foreign countries through technical assis- 
tance programs results in great impetus to the economic development of the 
country and to firmer bonds of friendship and understanding by the nations in- 
volved. Of all of the various technical aid programs which have been under- 
taken Public Roads’ engineers sincerely believe that the highway program has 
been one of the most, if not the most, successful. New areas have been 
opened for production, the transportation costs of commodities have been 
lowered, and there has been left behind a firm foundation of engineering 
knowledge on which other developments can be predicted. By working inti- — 
mately with people of many nations at almost every economic level, the 
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technicians of Public Roads have encouraged a better understanding of 
American ideals and of family life in this country. By introducing construc- 
tion equipment to countries where it was virtually unknown before, markets 
have been opened up for American enterprise. From the individual point of 
view, we have gained tremendous satisfaction in the knowledge that we have 
been able to help others to help themselves. 
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THE HIGHWAY SPIRAL AS A CENTERLINE FOR STRUCTURES 


Paul Hartman,! M. ASCE 
(Proc, Paper 1090) 


SYNOPSIS 


This paper presents a method for computing the geometry of a structure 
with a spiral centerline, The method is simple and precise enough for steel 
work, The amount of computation is no greater than that required for the 

multicentered curve which customarily replaces a spiral on a structure, 


When a spiraled highway is carried on a structure it is customary to ap- 
proximate the spiral by a multi-centered compound curve. This approxima- 
tion of the spiral permits the precise computations required for the structure. 
Concentric curves and radial lines are readily determined for the compound 
curve whereas for the spiral there are no concentric curves, and radial lines 
are difficult to determine. 

This paper develops a method for using the spiral as a centerline for 
structures. Computations are no more difficult than those of the compound 
curve and precision is well within allowable tolerances for steel work. 

The method proposed replaces the spiral, for computation purposes only, 
by a series of discontinuous circular arcs. The arcs are the osculating cir- 
cles of the spiral at regularly spaced points along the length of the spiral. 

The length of each arc is the distance between the regulariy spaced points 
and the central point of each arc is the point at which it is tangent to the 
spiral, 

The advantages of using these discontinuous arcs instead of a compound 
curve are (1) the resulting curve does not deviate from the spiral by any 
significant amount and (2) the coordinates of the centers of the discontinuous 
arcs can be obtained from a table. The maximum deviation of the circular 
arcs from the spiral depends upon the length and sharpness of the spiral and 
upon the number of arcs used to approximate the spiral. For a 400-foot 
spiral to a 5° circular curve, with the spiral approximated by ten arcs, the 


Note: Discussion open until March 1, 1957. Paper 1090 is part of the copyrighted 
Journal of the highway Division of the American Society of Civil Engineers, Vol. 
82, No. HW 5, October, 1956. 


1. Associate Prof. of Civ. Eng., The College of the City of New York, N. Y. 
1090-1 


t 
4 


1090-2 HW 5 October, 1956 


maximum deviation is 0.003 feet. For a 200-foot spiral to a 20° circular 
curve, with the spiral approximated by ten arcs, the maximum deviation is 
also 0.003 feet. 

To illustrate the method, the following problem will be worked out: 


A 400-foot spiral to a 5° circular curve is to be the centerline of a 
structure, The main tangent at the T.S, has a bearing of Due East. A 
column is to be located 36 feet from the centerline on a line bearing 

S 45° W which crosses the main tangent extended 362 feet from the T.S. 


The problem is shown in Fig. 1. A and B are the centers of the osculating 
circles at the eighth and ninth points of the spiral, respectively. The proce- 
dure for determining the coordinates of these centers will be shown later. 

C and D are the eighth and ninth points of the spiral respectively. Coor- 
dinates of the tenth points on the spiral are determined in the usual manner 
using standard spiral tables. The coordinates axes are the main tangent at 
the T.S. and the radius at the T.S. 

GF is the line on which the column, F, must be located. By inspection F 
is closer to C than to D, so computations are based on the eighth point. E is 
a point on radius AC extended, distant 36 feet from C. F lies on a circular 
arc through E with center at A since it is permissable to replace the spiral 
with the osculating circle at C provided arc EF does not exceed one- 
twentieth of the spiral length. 

The length and bearing of line AG are, by inverse computation, 1449.525 
feet and S 8° 00' 47:'7 E, respectively. In triangle AGF, sides AG and AF are 
now known and so is angle AGF. Solving, angle FAG is 0° 58' 00:'2 and side 
FG is 31.015. The coordinates of F are computed to be -21.931, +340.069. 

The remaining step is to determine the elevation of the roadway at F. It 
would appear that to do so, the spiral radius passing through F must be lo- 
cated, However, as will be shown, no appreciable error is introduced by as- 
suming that radius AF is the spiral radius at H. The difference in the sta- 
tioning of point H and the stationing of the exact point on the spiral radius 
depends upon the distance of point F from the centerline, the length of spiral, 
and the degree of the circular curve. In the example given, the error in sta- 
tioning is 0.010 feet. The maximum possible value of the error for the spiral 
of the example is 0.016 feet for a point 36 feet from the spiral centerline. 

The error in elevation resulting from an error in stationing of 0.02 feet 
would be negligible except, perhaps, on steep ramps. However, on ramps the 
length of spiral would be much less than 400 feet and the width would be much 
less than 72 feet. For example, for a 200-foot spiral to a 20° circular curve 
the maximum error in centerline stationing for a point 15 feet from the cen- 
terline, would be 0.013. With an 8% grade, the resulting error in elevation 
would be 0.001 feet. 

The following definitions are required by subsequent development: 

Dj = degree of circular curve, degrees 

D_ = degree of osculating circle at any point, degrees 

L. = length of spiral, feet 

{= length of spiral from T.S, to any intermediate point on spiral, feet 
@s = total spiral angle, degrees 


@ = spiral angle from T.S. to any intermediate point on the spiral, 
degrees 
The derivation of the equations of the x- and y-coordinates of the locus of 
the osculating circle centers may be readily shown by reference to Fig. 2. 
Point A is any point of the spiral distant ( from the T.S. The spiral angle to 
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A is 6. Letting r be the radius of the osculating circle at A, and R the radius 
of the circular curve, 


re RL (1) 
g 
The coordinates of A are 
4 6 
and 


@ being expressed in radians, and x, y, and { in feet. Calling the coordinates 
of O, the center of the osculating circle, x' and y', 


x' =x -rsin®9@ (4) 
and 
y'=y+rcos® (5) 


Substituting series expansions for sine and cosine, and simplying, 


4 6 
and 
1 2° (7) 
+ ten * ~-------- 


Changing to degrees, the equations become 


x! =Q) [} - 0.077 ] (8) 
and 
y! 9 + 0,1454010°% -0,158071077 + ] (9) 


For value of @ up to 10°, only the first two terms are required in the expres- 
sion for x' and only the first three terms in the expression for y'. 

Values of x' and y' for a one-foot spiral are tabulated for value of 6 from 
0° to 10° by increments of 0.91 in Table 1, To obtain the coordinates of the 
center of an osculating circle to any point on a given spiral: (1) compute the 
value of @ to the point; (2) look up the tabulated value of x' and y' for that 
value of 6; and (3) multiply the tabulated value of x' and y' by the length of 
the spiral from the T.S. to the given point on the spiral. 

It may be readily seen that interpolation for values of x' in Table 1 will 
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yield accurate results but that the same thing is not true for values of y' be- 
cause of the rapid variation of y'. In order to permit interpolation for values 
of y', it is necessary to tabulate separately the sum of all terms after the 
first in Eq. 9. Accurate interpolation is possible between these tabular 
values. To obtain the corresponding value of y', the quantity 28.64789- 6 
must be added to the interpolated value. 

Computation of the coordinates of the osculating circle centers for the 
illustrative problem is shown in Table 2. Values of { to the tenth points of 
the spiral are shown in Col. 2. Values of @ are obtained from the equation 


10 
= Es (10) 

and are shown in Col. 3, The value of @, is 
(11) 


The values of x' and y’ for a one-foot spiral are obtained from Table 1 and 
shown in Cols. 4 and 5. Values of x' and y' for the 400-foot spiral are ob- 
tained by multiplying Col. 3 by Cols. 4 and 5, and are shown in Cols. 6 and 7. 
For convenience in subsequent computations the values of D and R are listed 
in Cols. 8 and 9. 

Proof that the error in stationing along the centerline made by assuming 
that point H of Fig. 1 is on the spiral radius passing through point F, is neg- 
ligible, may be obtained by reference to Fig. 3. Here CNH is the centerline 
spiral with C a tenth point of the spiral. The T.S. and S.C. (not shown) are to 
the left and right of C, respectively. A is the center of the osculating circle 
at C. F is a point on the structure previously located, distant CE from the 
spiral centerline and, therefore, assumed to lie on a circular arc with center 
at A and radius equal to the radius of the osculating circle at C plus CE, M 
is the center of the osculating circle to the spiral at N, point F lying on radi- 
us MN extended. 

Letting k equal the distance along the spiral from T.S. to C, and m equal 
the length of arc CN, the spiral angle to N is 


k +m/}? k+#m|* D,L 
wed 2 2 
DL , 2km DL , DL 
oy = * * 00 (13) 


The first term is the spiral angle to C which will be designated 6,. The 
second term may be rewritten 


L? 200 (14) 


Since Pi is the degree of the osculating circle at C, the product of this de- 


gree and the length of arc in stations is the angle CAN which will be desig- 
nated a. 


7 
. 
| 
| 
oe 
Ba 2km D,L m kD, 
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The third term of Eq. 13 may be rewritten 
m |? DL k m m_ kD, m 
This term is the angle FNP which will be designated da. Letting 6, and 6y | 
be the spiral angles to points C and N on the spiral respectively, Eq. 13 be- 3 
comes rt 
= O.+a + da (16) 
If N is closer to the T.S, than C the equation becomes 
=O, -at de (17) 
In locating F the bearing cf AF is computed so angle CAH is readily deter- bs. 


mined as is arc CH. By assuming angle CAH equal to a and arc CH equal to 
m, a very close approximation of da may be obtained. This value of da is 
used to obtain arc NH (This assumes that angles FNP and NFH are equal 
which is true for all practical purposes). Arc NH is subtracted from arc CH 
to obtain arc AC which will be correct to the nearest thousandth. 

In the illustrative example angle CAH is 0° 38" 47:'5 so arc CH is 16.163 
feet. Using this value for m, angle CAH as & and k equal to 320 feet, 


16.163 


d 
2° 320 


(0-38-47. 5) = 581'8 


Arc NH is equal to the product of 36 and the sine of 58:'8 or 0.0103 feet. By 
successive approximations it may be shown that the correct value of arc NH 
is 0.0100 feet. 

Since this error in stationing has no effect on horizontal location but only 
on elevation, it is obvious that it is negligible. The maximum possible error 
in stationing for the illustrative spiral due to the assumption, is 0.016 feet for 
a point 36 feet from the spiral centerline. 


CONCLUSIONS AND COMMENTS 


The advantage of the method herein proposed is that it makes possible the 
use of comparable transitions throughout the length of a highway. While the 
multi-centered curve which approximates a spiral may be a satisfactory sub- 
stitute for a given spiral, it is still a substitute. The more it departs from 
spirals used elsewhere on the alignment, the less satisfactory a substitute it 
becomes. 

The amount of computation involved in the proposed method is about the 
same as that of the conventional method. The extra work resulting from the 
use of ten rather than three or four circular arcs is offset by the fact that the 
centers of the ten arcs may be obtained directly from tables. 

While the precision of the method decreases as the length of spiral and de- 
gree of circular curve increase, it is still remarkably accurate for sharp 
spirals. On a 150-foot spiral to a 30° circular curve, the maximum departure 
from the spiral is less than one-thirty-second of an inch horizontally. Errors 
in elevation are negligible. 
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Discussion of 
“FLOOD- EROSION PROTECTION FOR HIGHWAY FILLS” 


by C. J. Posey 
(Proc, Paper 783) 


C. J. POSEY,! M, ASCE.—The writer wishes to thank each of the discus- 
sors, whose contributions do much to fill the gap between the original paper 
and its title, which was perhaps too inclusive. Mr. Matthes’ report on 
European use of “rock sausages” and Mr. Lane’s reference to ancient 
Chinese use are especially welcome since they show the origins of this de- 
vice and testify to its long history of successful application. The writer’s ap- 
proach, which ignored the literature, at least in the first stages of the inves- 
tigation, may seem wasteful, but it is likely that if the customary historical 
review had been made before the experiments were started the interesting 
observations of the mechanism of rip-rap protection would not have been 
made, and the necessity for T-V grading of protective layers not discovered, 
These observations point the way to developing a technique of rock sausage 
protection that is completely dependable. 

The figures comparing the cost and abrasive resistance of steel wire and 
“ordinary galvanized iron wire” cited by Mr. Matthes cause one to wonder 
whether the wires were comparable to those used in this country, unless Dr. 
Kreutner was using stainless steel wire. The writer believes that for the 
protection of the flanks of embankments against water flowing down the slope, 
spiral woven mesh is greatly preferable to hexagonal mesh, since the superi- 
or springiness of the spiral weave insures that the sausage unit will maintain 
good compressive strength. 

Messrs. Izzard and Bradley have contributed a most sound and eloquent 
argument for the reexamination of the basis for the prevalent policy of always 
constructing elevated road embankments, Their discussion deserves careful 
study by every designer of highway bridge crossings. 

Professor Kindsvater rightly emphasises the importance of the hydraulic 
flow characteristics, and points out that if “surface flows” can be maintained 
over a wider range, less erosion resistance may be necessary. Although 
experience has taught the writer to be cautious in predicting when and where 
erosion will be more or less severe, he is willing to agree with Professor 
Kindsvater that surface flows are likely to be less erosive than plunging flows. 
The tests described in the paper were all made with minimum tailwater since 
it was desired to subject the embankments to the most severe test, and pre- 
liminary experiments showed the condition of minimum tailwater to be even 
more severe than the case with a hydraulic jump forming on the slope. 

The hydraulic data being obtained by Professor Kindsvater are of course 
essential if the economic balance envisaged by Messrs. Izzard and Bradley is 
to be evaluated, The money values involved are evidently enormous, which 
gives special urgency to the hydraulic experimentation. 


1. Prof. and Head, Dept. of Civ. Eng., State Univ. of lowa, lowa City, and 
Director, Rocky Mountain Hydr. Lab., Ailenspark, Colo. 
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Too late to be published as a separate discussion, the writer received 
through Professor Kindsvater a communication from Mr. Hubert E. Snyder, 
M. ASCE, citing the case of a highway fill which was built across a water- 
supply reservoir with the expectation that it would occasionally be overtopped 
by flood waters, The fill was said to have successfully withstood one flood, 
only to be washed out under a later flood of approximately the same magni- 
tude, In the interval between floods a plate-type guard rail was said to have 
been installed, and it was thought that the presence of the guard rail and posts 
caused the failure. This seems likely to the writer, by comparison with other 
erosion tests he has made. That considerable differences in the flow pattern 
might be expected is shown by the data presented by Professor Kindsvater. 
Evidently the effect of handrails on hydraulic and erosion characteristics 
needs to be further investigated, It is the writer’s opinion that cable guard 
rails carried by slender posts, preferably of steel and carefully installed be- 
tween sausages would not appreciably affect the erosion resistance of a 
properly built fill. 

Mr. Neeley describes an application of rock sausage protection which has 
provided an economical solution to a difficult erosion problem. Again, the 
writer would suggest spiral-woven fencing which, though not as widely avail- 
able as fencing marketed for agricultural purposes, is better for the purpose 
and should be cheaper in quantity because it is easier to manufacture and 
much easier to “sew” in the field. 


ERRATA 
in the paper (Paper No. 783, August 1955) 
Page 783-2, first paragraph under “Some Possible Ways of Improving the 


Modern Type of Valley Crossing.” Change second word of this paragraph 
from “most” to “many.” 


Page 783-3, eleventh line from top of page. Change “safe” to “sufficient.” 


Page 783-3, third from last line of 4th paragraph, change “main currents” 
to “principal currents,” 


Page 783-7, third sentence of second paragraph should read “The grading 
was not quite right according to the T-V requirements of the layer next under- 
neath and was somewhat too small for the wire mesh openings.” 


Page 783-10, paragraph ending about the middle of page. Insert “or” be- 
tween “piers” and “abutments.” 


in Mr. Lane’s discussion (Paper 877) 


Page 877-4, at end of sixth line of Lane’s second paragraph “rise” should 
be “use.” 


in Mr. Matthes’ discussion (Paper 877) 
Page 877-3, fourth line from bottom of page, “sawing” should be “sewing.” 
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